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Navigation Economic Technologies 


The purpose of the Navigation Economic Technologies (NETS) research program is to develop a standardized 
and defensible suite of economic tools for navigation improvement evaluation. NETS addresses specific 
navigation economic evaluation and modeling issues that have been raised inside and outside the Corps and is 
responsive to our commitment to develop and use peer-reviewed tools, techniques and procedures as expressed 
in the Civil Works strategic plan.  The new tools and techniques developed by the NETS research program are to 
be based on 1) reviews of economic theory, 2) current practices across the Corps (and elsewhere), 3) data needs 
and availability, and 4) peer recommendations.  

The NETS research program has two focus points: expansion of the body of knowledge about the economics 
underlying uses of the waterways; and creation of a toolbox of practical planning models, methods and 
techniques that can be applied to a variety of situations. 

Expanding the Body of Knowledge 

NETS will strive to expand the available body of knowledge about core concepts underlying navigation 
economic models through the development of scientific papers and reports.  For example, NETS will explore 
how the economic benefits of building new navigation projects are affected by market conditions and/or 
changes in shipper behaviors, particularly decisions to switch to non-water modes of transportation. The results 
of such studies will help Corps planners determine whether their economic models are based on realistic 
premises. 

Creating a Planning Toolbox 

The NETS research program will develop a series of practical tools and techniques that can be used by Corps 
navigation planners.  The centerpiece of these efforts will be a suite of simulation models.  The suite will include 
models for forecasting international and domestic traffic flows and how they may change with project 
improvements. It will also include a regional traffic routing model that identifies the annual quantities from each 
origin and the routes used to satisfy the forecasted demand at each destination. Finally, the suite will include a 
microscopic event model that generates and routes individual shipments through a system from commodity 
origin to destination to evaluate non-structural and reliability based measures. 

This suite of economic models will enable Corps planners across the country to develop consistent, accurate, 
useful and comparable analyses regarding the likely impact of changes to navigation infrastructure or systems. 

NETS research has been accomplished by a team of academicians, contractors and Corps employees in 
consultation with other Federal agencies, including the US DOT and USDA; and the Corps Planning Centers of 
Expertise for Inland and Deep Draft Navigation. 

For further information on the NETS research program, please contact: 

Mr. Keith Hofseth    Dr. John Singley 

NETS Technical Director NETS Program Manager
 
703-428-6468     703-428-6219
 

U.S. Department of the Army 
 Corps of Engineers 

Institute for Water Resources 
Casey Building, 7701 Telegraph Road 
Alexandria, VA  22315-3868 

The NETS program was overseen by Mr. Robert Pietrowsky, Director of the Institute for Water Resources. 
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Abstract 

The mainstay of the spatial modeling used by ORNIM is the Samuelson and Takayama-Judge 
model (S-TJ model) of trade between regions. Basically, a product is produced in different 
regions with different demand and supply conditions. Transportation causes price differences 
between the regions to be arbitraged in equilibrium, so that prices differ across regions by the 
transportation costs whenever trade occurs. In this model, all markets are competitive and the 
regions themselves are fixed. Transportation can and has entered the model through the addition 
of a fixed transportation price or through the addition of a demand and supply function for 
transportation. Each of these are considered in this paper with an eye towards evaluating policy 
actions to improving the transportation sector when both market power and endogenous regions 
are present. The main objective is to allow for market power and endogenous regions in the 
canonical models of trading regions, in the tradition of Samuelson and Takayama-Judge. 

Keywords: Spatial equilibrium, transportation, market power, oligopsony, monopsony, 
transportation oligopoly, welfare, Samuelson and Takayama-Judge models, vertical structure, 
double marginalization. 
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;W ]QR\ YJYN[# ̀ N \N] X^] J ]NVYUJ]N OX[ JMM[N\\RWP VJ[TN] YX`N[ RW ]QN \YJ$ 

]RJU LXW]Na] JWM N_JU^J]RWP ]QN ̀ NUOJ[N LXW\NZ^NWLN\% A^[ \]J[]RWP YXRW] R\ J 

\RVYURdLJ]RXW XO ]QN LUJ\\RL \YJ]RJU VXMNU XO DJV^NU\XW !(0,)" JWM EJTJbJVJ 

JWM <^MPN !(0-+"# ]X ̀ QRLQ ̀ N JMM VJ[TN] YX`N[ RW ]QN ][JW\YX[]J]RXW RWM^\][b 

JWM RW ]QN [NPRXWJU VJ[TN]\ !]Q[X^PQ Y^[LQJ\N JPNW]\ $ X[  P[JRW NUN_J]X[\ OX[ 

LXWL[N]NWN\\%" ;W ]QN DJV^NU\XW JWM EJTJbJVJ$<^MPN VXMNU\ !D$E< VXMNU\"# 

]QN[N R\ J \N] XO [NPRXW\ ][JMRWP J PXXM% 7JLQ [NPRXW R\ NWMX`NM ̀ R]Q J \N] XO 

MNVJWM JWM \^YYUb O^WL]RXW\% ;O ]QN VJ[TN]\ J[N LXVYUN]NUb \NYJ[J]NM !R%N%# 

WX ][JMN R\ JUUX`NM# X[ NU\N R\ Y[XQRKR]R_NUb LX\]Ub"# VJ[TN]\ J[N LUNJ[NM RW ]QN 

^\^JU ̀ Jb RW NZ^RURK[R^V% EQJ] R\# MNVJWM JWM \^YYUb O^WL]RXW\ J[N NZ^J]NM 

OX[ NJLQ [NPRXW ]X PR_N NZ^RURK[R^V Y[RLN\ JWM Z^JW]R]RN\% :X`N_N[# VX[N PNW$ 

N[JUUb# ][JW\YX[]J]RXW Y[X_RMN\ J VNLQJWR\V ]X J[KR][JPN [NPRXWJU MRkN[NWLN\ RW 

\^YYUb JWM MNVJWM% EQN D$E< VXMNU R\ NJ\RUb JMJY]NM ]X ]QR\ \N]]RWP ]Q[X^PQ 

]QN JMMR]RXW XO JW NaXPNWX^\ ][JW\YX[]J]RXW Y[RLN X[ ]Q[X^PQ ]QN MN[R_J]RXW XO 

][JW\YX[]J]RXW MNVJWM JWM ]QN JMMR]RXW XO ][JW\YX[]J]RXW \^YYUb% EQR\ JUUX`\ 

]QN ̀ NUOJ[N LXW\NZ^NWLN\ XO RVY[X_NVNW]\ ]X ]QN ][JW\YX[]J]RXW RWO[J\][^L]^[N 

]X KN NaYURLR]Ub RMNW]RdNM% 

HN LXW\RMN[ ]`X VJSX[ R\\^N\ [NUJ]NM ]X NZ^RURK[R^V JWM ̀ NUOJ[N VNJ\^[N$ 

VNW] XO MRkN[NW] YXURLRN\% EQN D$E< VXMNU [N\]\ XW LXVYN]R]R_N VJ[TN]\% :X`$ 

N_N[# ]QN[N J[N VJWb \X^[LN\ ]Q[X^PQ ̀ QRLQ VJ[TN] YX`N[ LJW JWM QJ\ NW]N[NM 

]QN ][JMN KN]`NNW [NPRXW\% ;W X^[ Y[XP[N\\RXW# ̀ N d[\] VXMNU ]QN LJ\N ̀ QN[N 

][JW\YX[]J]RXW d[V\ J[N \X \VJUU ]QNb ]JTN Y[RLN\ J\ PR_NW JWM ]QNb LXVYN]N 

( 



RW J  `X[UM VJ[TN]% EQR\ OX[V\ J LJ\N OX[ ̀ QRLQ ̀ N MN[R_N ]QN MNVJWM OX[ 

][JW\YX[]J]RXW \N[_RLN\% DRWLN# RW VJWb \N]]RWP\# ][JW\YX[]J]RXW R\ Y[X_RMNM Kb 

J \RWPUN \^YYURN[# ̀ N VXMROb ]QN Y[RLN$]JTRWP J\\^VY]RXW JWM JUUX` OX[ VXWXYXUb 

YX`N[ RW ]QN ][JW\YX[]J]RXW \NL]X[% 3\ J O^[]QN[ [NdWNVNW] ̀ N ]QNW JMJY] ]QN 

VXMNU ]X JUUX` OX[ VJ[TN] YX`N[ JVXWP ][JW\YX[]J]RXW d[V\% EQR\ UNJM\ ]X J 

VXWXY\XWb \N]]RWP ̀ QRLQ LXVKRWNM `R]Q J VXWXYXUb ][JW\YX[]J]RXW \NL]X[ UNJM\ 

]X _N[b RWNj LRNW] VJ[TN] X^]LXVN\ NVJWJ]RWP O[XV  MX^KUN VJ[PRWJURcJ]RXW % 

EQN\N RWR]RJU VXMNU\ J[N VXWXYXUb&VXWXY\XWb VXMNU\# RW ]QN \^K\NZ^NW] \NL$ 

]RXW\# ]QN VXMNU R\ JMJY]NM ]X JUUX` OX[ 5X^[WX] LXVYN]R]RXW KX]Q RW ][JW\YX[] 

JWM ]QN P[JRW NUN_J]X[\% EQN D$E< VXMNU JMJY]NM ]X VXMNURWP RVYN[ONL] LXV$ 

YN]R]RXW LXWLU^MN\ ̀ R]Q J MR\L^\\RXW XO ]QN KNWNdLRJ[RN\ XO RVY[X_NVNW]\ ]X ]QN 

][JW\YX[]J]RXW \NL]X[% D^LQ JW R\\^N R\ ]JW]JVX^W] RVYX[] RW ]QN OX[VJ]RXW XO 

YXURLRN\ ]QJ] JkNL] ][JMN KN]`NNW J OX[NRPW JWM MXVN\]RL \NL]X[% EQN PNWN[JU 

[N\^U] ̀ N dWM R\ ]QJ] ]QN UJ[PN[ ]QN W^VKN[ XO  UXLJU VJ[TN]\# ]QN VX[N [NW]\ 

J[N LJY]^[NM Kb OX[NRPW LXW\^VN[\% 

EQN VXMNU MN_NUXYNM R\ J _N[b \YNLRJU LJ\N XO ]QN D$E< O[JVN`X[T% ;W \NL]RXW 

+# ]QN VX[N \]JWMJ[M D$E< O[JVN`X[T R\ Y[N\NW]NM ̀ QN[NRW VJ[TN] Y[RLN\ J[N 

LXWWNL]NM ]Q[X^PQ JW NZ^RURK[R^V% ;W YJ[]RL^UJ[# ]QN Y[RLN\ RW NJLQ [NPRXW 

MNYNWM XW ]QN eX`\ ]X JWM O[XV X]QN[ [NPRXW\% EQN VXMNU R\ d[\] ̀ X[TNM X^] 

OX[ ]QN LJ\N XO \NYJ[J]NM VJ[TN]\% E[JW\YX[]J]RXW R\ ]QNW JMMNM ̀ R]Q J daNM 

Y[RLN YN[ ̂ WR] JWM ]QN Z^JW]R]b ][JW\YX[]NM !Z^JW]R]b MNVJWMNM" R\ MN[R_NM% EX 

]QR\ VXMNU# ̀ N JMM ]QN \^YYUb XO ][JW\YX[]J]RXW JWM LXW\RMN[ JU]N[WJ]R_N VJ[TN] 

\][^L]^[N J\\^VY]RXW\% 

) 



EQN \NLXWM VJSX[ R\\^N JMM[N\\NM [N\]\ ̀ R]Q ]QN [NPRXW daR]b J\\^VY]RXW XO 

D$E< VXMNU\% ;W \XVN \N]]RWP\# ]QR\ JYY[XJLQ R\ YN[ONL]Ub [NJ\XWJKUN J\\^VY$ 

]RXW% EQN J\\^VY]RXW [NZ^R[N\ ]QN[N R\ J KX[MN[RWP NkNL] \^LQ ]QJ] RWMR_RM^JU 

\^YYURN[\ RW XWN [NPRXW LJWWX] \^K\]R]^]N ]X JWX]QN[ [NPRXW% EQN VXMNU\ XO 

\NL]RXW\ * JWM + Y[X_RMN ̂ \NO^U KNWLQVJ[T\ ]X LXW\RMN[ ]QN URTNURQXXM ]QJ]# RW 

\XVN \N]]RWP\# ]QN[N J[N RVYX[]JW] \^K\]R]^]RXW NkNL]\% EX MN_NUXY ]QN LJ\N RW 

`QRLQ ]QN[N J[N \^K\]R]^]RXW NkNL]\ [NZ^R[N\ ]QN MN_NUXYVNW] XO J O^UU$eNMPNM 

\YJ]RJU VXMNU% EQR\ VXMNU R\ MN_NUXYNM RW \NL]RXW ,# OX[ ]QN LXVYN]R]R_N LJ\N 

JWM JMJY]NM ]X JUUX` OX[ VJ[TN] YX`N[ JVXWP KX]Q P[JRW NUN_J]X[\ JWM ][JW\$ 

YX[]J]RXW \^YYURN[\% DNL]RXW - LXWLU^MN\ ]QN YJYN[ ̀ R]Q J LXVYJ[R\XW KN]`NNW 

]QN D$E< VXMNU\ JWM ]QN [N\^U]\ O[XV ]QN O^UU \YJ]RJU VXMNU% 

EQR\ [N\NJ[LQ R\ XO LNW][JU RVYX[] ]X N_JU^J]RWP ]QN ̀ NUOJ[N NkNL]\ XO ][JW\$ 

YX[]J]RXW RWO[J\][^L]^[N RVY[X_NVNW]\% D^LQ RVY[X_NVNW]\ RWLU^MN ]QN MN_NU$ 

XYVNW] XO [JRU URWN&]N[VRWJU LJYJLR]b JWM ̀ J]N[`Jb LJYJLR]b% ;W [NLNW] bNJ[\# 

]QN UJ]]N[ QJ\ KNNW XO LXW\RMN[JKUN RW]N[N\] ]X ]QN 3[Vb 5X[Y\ XO 7WPRWNN[\ 

!357"% 357 VJRW]JRW\ F%D% ̀ J]N[`Jb\% EQN ̀ J]N[`Jb\ RWLU^MN J \b\]NV XO 

UXLT\ JWM MJV\ ]QJ] VJTN [R_N[ WJ_RPJKUN% ?X\] XO ]QN UXLT\ JWM MJV\ ̀ N[N 

K^RU] VX[N ]QJW ,' bNJ[\ JPX JWM QJ_N XK\XUN\LNM ̀ R]Q ]RVN% CNMN\RPW\ JWM 

[NYUJLNVNW]\ [NZ^R[N LXW\RMN[JKUN \^V\% ;W N_JU^J]RWP ̀ QN]QN[ ]X RVY[X_N J 

`J]N[`Jb ]Q[X^PQ UXLT RW_N\]VNW]# 357 V^\] LXW\RMN[ O[XV JW J[[Jb XO JU]N[WJ$ 

]R_N [N\][^L]^[RWP YUJW\ JWM LXW\RMN[ ]QN ̀ NUOJ[N KNWNd]\ O[XV ]QN JU]N[WJ]R_N\% 

EQNb ̂ \N J _J[RN]b XO VXMNU\ ]QJ] QJ_N KNNW L[R]RLRcNM Kb ]QN @J]RXWJU CN\NJ[LQ 

5X^WLRU !@C5" XO ]QN @J]RXWJU 3LJMNVb XO DLRNWLN\ JWM X]QN[\% EQN L[R]RLR\V\ 

* 



  

  

  

UJ[PNUb OXL^\ XW OX[NLJ\]RWP VN]QXM\ JWM XW ]QN ][NJ]VNW] XO MNVJWM\ RW ]QNR[ 

\RV^UJ]RXW VXMNU\% EQN UJ]N[ R\ XO YJ[]RL^UJ[ [NUN_JWLN ]X ]QR\ YJYN[ RW ]QJ] ]QN 

J\\^VY]RXW\ RW ]QN 357 VXMNU\ LJW KN [NUJ]NM ]X J D$E< ]bYN \N]^Y% 8^[]QN[# 

]QN @C5 [NLXVVNWMNM ]QJ] 357 VX[N MR[NL]Ub LXW\RMN[ ]QN [XUN XO \YJLN JWM 

VJ[TN] JU]N[WJ]R_N\ RW ]QNR[ VXMNURWP NkX[]\% EQR\ [N\NJ[LQ YN[]JRW\ MR[NL]Ub 

]X ]QN LXW\RMN[J]RXW XO \YJLN JWM ]QN Y[N\NWLN XO VJ[TN] YX`N[ RW ]QN P[JRW 

NUN_J]X[ JWM ][JW\YX[]J]RXW \NL]X[\% EQN PNWN[JU dWMRWP\ Y[N\NW]NM RW ]QN UJ\] 

\NL]RXW YXRW] ]X MRkN[NWLN\ RW ̀ NUOJ[N LXW\NZ^NWLN\ VNJ\^[N RW ]QN LUJ\\ XO D$E< 

VXMNU\ JWM J O^UU \YJ]RJU VXMNU% 

' 2BO>= 9GID= 5IB<> 

HN KNPRW X^[ JWJUb\R\ ̀ R]Q J LJ\N XO ][JMN O[XV XWN [NPRXW ]X J VJ[TN]% 8X[ ]QN 

MR\L^\\RXW# ]QN VJ[TN] R\ UJKNUNM J  `X[UM VJ[TN] ̀ QRLQ LX^UM KN LXW\RMN[NM 

J [NPRXW RW ]QN D$E< \N]]RWP%+ ;W ]QR\ VXMNU# ̀ N \^YYX\N ]QJ] ]QN ̀ X[UM Y[RLN 

R\ PR_NW NaXPNWX^\Ub ]X RWMR_RM^JU ][JW\YX[]J]RXW d[V\# JWM ]QNW ̀ N LXW\RMN[ 

VJ[TN] YX`N[ XO ]QN RWMR_RM^JU ][JW\YX[]J]RXW d[V% EQN J\\^VY]RXW XO J daNM 

Y[RLN LJW KN JU\X RW]N[Y[N]NM J\ ]QN \R]^J]RXW OJLRWP J ][JW\YX[]J]RXW d[V ]QJ] 

QJ\ VJ[TN] YX`N[ RW ]QN UXLJU VJ[TN] O[XV ̀ QRLQ R] ][JW\YX[]\# K^] R\ J \VJUU 

YUJbN[ RW ]QN PUXKJU VJ[TN]% ;W ]QR\ LJ\N# ]QN ][JW\YX[]J]RXW d[V `RUU KN VXMNUNM 

+3WX]QN[ RW]N[Y[N]J]RXW R\ ]X ̂ WMN[\]JWM ]QR\ `X[UM Y[RLN J\ \Jb ]QN Y[RLN RW @N` A[UNJW\# 
`QRLQ R\ ]QN YXRW] XO \QRYVNW] ]X OJ[]QN[ VJ[TN]YUJLN\% HN \QJUU MN[R_N QX` UXLJU LXWMR]RXW\ 
RW VJ[TN]\ ^Y\][NJV ][JW\UJ]N RW]X Z^JW]R]RN\ \^YYURNM ]X ]QN BX[] XO @N` A[UNJW\ J\ J 
O^WL]RXW XO ̀ X[UM Y[RLN !R%N%# ]QN Y[RLN RW @N` A[UNJW\"% EQR\ JWJUb\R\ ̀ RUU KJ\RLJUUb PR_N ̂ \ J 
\^YYUb L^[_N !VNJ\^[NM J] ]QN BX[]# JWM RW ]N[V\ XO ]QN Y[RLN ]QN[N"# ]QJ] ]XPN]QN[ ̀ R]Q JW 
JWJUXPX^\ MNVJWM L^[_N `RUU [NWMN[ ]QR\ Y[RLN NWMXPNWX^\% HN ]JTN J \QX[]$QJWM !KUJLT$ 
KXaNM" _N[\RXW XO ]QR\ `X[UM MNVJWM J] ]QN NWM XO ]QR\ DNL]RXW% 3 MN]JRUNM JWJUb\R\ XO ]QN 
RWP[NMRNW]\ ]X ]QN MNVJWM L^[_N# O[XV JUU ]QN MR\YJ[J]N YX[]\ XO LJUU OX[ \QRYVNW]\ UNJ_RWP ]QN 
BX[]# ̀ X^UM OXUUX` YJ[JUUNU URWN\ ]X ]QX\N MN_NUXYNM RW ]QR\ YJYN[ OX[ ]QN \^YYUb \RMN% 

+ 



JWb`Jb J\ ]JTRWP ]QN `X[UM Y[RLN J\ daNM# K^] ]QR\ MN_RLN R\ RW\][^VNW]JU RW 

PNWN[J]RWP J ̀ X[UM \^YYUb ̀ QRLQ LJW KN RW ]^[W ̂ \NM J\ RWY^] ]X PNWN[J]N J ̀ X[UM 

Y[RLN NWMXPNWX^\Ub Kb RW]NP[J]RWP ^Y X_N[ J UJ[PN W^VKN[ XO ][JW\YX[]J]RXW 

d[V\ ]QJ] QJ_N WX NkNL]R_N YX`N[ RW ]QN ̀ X[UM VJ[TN]# N_NW ]QX^PQ ]QNb MX 

QJ_N VJ[TN] YX`N[ RW ]QN UXLJU VJ[TN]\ O[XV `QRLQ ]QNb ][JW\YX[]% ;W ]QN 

\NZ^NU# ̀ N JU\X LXW\RMN[ ]QN LJ\N RW ̀ QRLQ ]QN ][JW\YX[]J]RXW d[V QJ\ VJ[TN] 

YX`N[ RW ]QN ̀ X[UM VJ[TN]% EQN PNWN[JU \][^L]^[N R\ Z^R]N RW][RLJ]N RW\XOJ[ J\ ̀ N 

LJW ][NJ] MRkN[NW] MNP[NN\ XO VJ[TN] YX`N[ ̂ Y\][NJV JWM MX`W\][NJV% EQJ] 

R\# OX[ NaJVYUN# `N LJW QJ_N [NUJ]R_NUb ON` ][JW\YX[]J]RXW d[V\ RW ]QN UXLJU 

Y[XM^L]RXW [NPRXW\# K^] RO ]QN[N J[N VJWb ][JW\YX[]J]RXW d[V\ RW ]QN `X[UM 

VJ[TN] J\ J ̀ QXUN# ]QNb MX WX] QJ_N V^LQ VJ[TN] YX`N[ ]QN[N !XW ]QN ̀ X[UM 

Y[RLN" \RWLN ]QNb J[N \X VJWb# LXVY[R\RWP ][JW\YX[]J]RXW d[V\ ][JW\YX[]RWP O[XV 

VJWb MRkN[NW] [NPRXW\% :X`N_N[# ]QR\ \TN]LQ VJb KN J UR]]UN VR\UNJMRWP RW\XOJ[ 

J\ ]QN NaN[LR\N XO VJ[TN] YX`N[ XW ]QN UXLJU VJ[TN]\ LJW WXWN]QNUN\\ LJ^\N 

\RPWRdLJW] MR\]X[]RXW\ XW ]QN ̀ X[UM VJ[TN] !J\ LXVYJ[NM ]X J KNWLQVJ[T LJ\N 

XO YN[ONL] LXVYN]R]RXW"% 

HN d[\] Y[N\NW] ]QN \^YYUb \RMN# O[XV `QRLQ ]QN MNVJWM OX[ ][JW\YX[]J$ 

]RXW \N[_RLN\ R\ PNWN[J]NM% HN LJW ]QNW ^\N ]QR\ ]X MN]N[VRWN ]QN JL]RXW\ XO 

J ][JW\YX[]J]RXW d[V ̀ R]Q VJ[TN] YX`N[% EQN \RVYUN\] LJ\N ]X JMM[N\\ R\ XWN 

RW ̀ QRLQ ]QN[N R\ J VXWXYXUb ][JW\YX[]J]RXW d[V% 3\ ̀ N \QJUU \NN# ]QR\ ][JW\$ 

YX[]J]RXW d[V KNQJ_N\ JWJUXPX^\Ub ]X J VXWXY\XWR\] RW ]QN UXLJU VJ[TN]% EQR\ 

KNQJ_RX[ R\# ]QN[NOX[N# LXWP[^NW] `R]Q ]QN RMNJ XO UXLJU P[JRW NUN_J]X[\ `QRLQ 

K^b ̂ Y Y[XM^LN O[XV UXLJU Y[XM^LN[\% EQNb ]QNW QJ_N JLLN\\ ]X J LXVYN]R]R_N 

, 



 

  

][JW\YX[]J]RXW ]NLQWXUXPb JWM LJW ̂ \N ]QNR[ VJ[TN] YX`N[ MR[NL]Ub RW ]QN K^b$ 

RWP VJ[TN]% 3W ]QR[M \N]$^Y ̀ N RW_N\]RPJ]N R\ J VXWXY\XWR\]RL NUN_J]X[ K^bRWP 

^Y P[JRW O[XV UXLJU Y[XM^LN[\% ;] ]QNW LJW ][JW\YX[] ]X ]QN dWJU VJ[TN]# K^] 

R] OJLN\ J ][JW\YX[]N[ ̀ R]Q VJ[TN] YX`N[% EQ^\# ]QR\ \R]^J]RXW PR_N\ [R\N ]X J 

LQJRW XO VXWXYXURN\ _N[]RLJU Na]N[WJUR]b MX^KUN VJ[PRWJURcJ]RXW Y[XKUNV% HN 

]QNW JUUX` OX[ RW]N[VNMRJ]N MNP[NN\ XO LXVYN]R]RXW RW ]QN ][JW\YX[] VJ[TN]% 

EQ[X^PQX^] ]QR\ JWM ]QN WNa] DNL]RXW# ̀ N QJ_N J _R[]^JUUb  \YJLNUN\\ NLXW$ 

XVb ]X ]QN Na]NW] ]QJ] Y[XM^LN[\ [NVJRW J]]JLQNM ]X ]QNR[ UXLJU ][JW\YX[]J]RXW 

YXRW]\% ;W UJ]N[ DNL]RXW\ ̀ N ̂ \N J O^UU \YJ]RJU VXMNU ]X JMM[N\\ ]QR\ YXRW]% 

( 7E:DD KI:FJHGIK:KBGF RIEJ BF KA> NGID= E:I$ 
C>K 

HN d[\] LXW\RMN[ ]QN LJ\N ̀ QN[N ][JW\YX[]J]RXW d[V\ J[N \X \VJUU [NUJ]R_N ]X ]QN 

`X[UM \^YYUb ]QJ] ]QNb NkNL]R_NUb ]JTN ]QN ̀ X[UM Y[RLN J\ daNM% EQR\ JWJUb\R\ 

JU\X MXN\ NWJKUN ̂ \ ]X UJ]N[ NWMXPNWRcN ]QR\ Y[RLN ]QJ] R\ KNRWP ]JTNW J\ PR_NW# 

S^\] J\ \]JWMJ[M NLXWXVRL JWJUb\R\ XO MNVJWM JWM \^YYUb _RN`\ NJLQ RWMR_RM^JU 

J\ ]XX \VJUU ]X TWX`RWPUb QJ_N JW RWê NWLN XW ]QN X^]LXVN# JWM \X LJW KN [NJ$ 

\XWJKUb MN\L[RKNM J\ J Y[RLN$]JTN[% HN MNJU ̀ R]Q ]QN VJ]N[RJU RW ]QN OXUUX`RWP 

X[MN[# JWM \QX` _J[RX^\ NZ^R_JUNWLN\ JUXWP ]QN ̀ Jb% HN d[\] \N] ̂ Y ]QN \^YYUb 

\RMN# JWM LXW\RMN[ J \RWPUN UXLJU VJ[TN]# `R]Q J ̀ X[UM Y[RLN ]QJ] UXLJU JPNW]\ 

]JTN J\ PR_NW J] J MR\]JW] UXLJ]RXW% 8[XV ]QR\ ̀ N MN[R_N ]QN MNVJWM OX[ ][JW\$ 

YX[]J]RXW% HN ]QNW J\\^VN J VXWXYXUb ][JW\YX[]J]RXW d[V JWM MN[R_N ]QN Y[RLN 

]QR\ VXWXYXUR\] ̀ RUU \N] OX[ ][JW\YX[]J]RXW% @Na]# ̀ N LXW\RMN[ J P[JRW NUN_J]X[ 

-



  

RW LXWS^WL]RXW ̀ R]Q J LXVYN]R]R_N \^YYUb OX[ ][JW\YX[]J]RXW# JWM ]QNW ̀ N Y^] 

KX]Q ]XPN]QN[% 

(%& 0>IBMBF@ KA> =>E:F= ?GI KI:FJHGIK:KBGF 

EQN d[\] \]NY R\ ]X MN\L[RKN ]QN Y[RVR]R_N VJ[TN] LXWMR]RXW\ JWM MN[R_N ]QN 

MNVJWM OX[ ][JW\YX[]J]RXW% 

D^YYX\N ]QJ] ]QN `X[UM Y[RLN R\ daNM !X[ [J]QN[# ][NJ]NM J\ \^LQ Kb ]QN 

YJ[]RLRYJW]\ RW ]QN UXLJU VJ[TN]"% >N] R]\ UN_NU KN 9!% 8^[]QN[VX[N# UN] ]QN UXLJU 

\^YYUb OX[ ]QN JP[RL^U]^[JU LXVVXMR]b ̂ WMN[ JWJUb\R\ KN 

/ "9(# , 9( 

`QN[N 9( R\ ]QN \^YYUb Y[RLN !X[ gY[XM^LN[ Y[RLNh" ̀ QRLQ R\ ]QJ] Y[RLN [NLNR_NM 

Kb ]QN UXLJU YJ[]RLRYJW]\# JWM / "&# R\ ]QN Z^JW]R]b \^YYURNM J] ]QN PR_NW Y[RLN# 

9(# ̀ QRLQ ]JTN\ QN[N ]QN \RVYUN\] URWNJ[ OX[V% HN \QJUU JU\X ̀ [R]N ]QN RW_N[\N 

\^YYUb J\ 9( ".## ̀ QRLQ R\ ]QN \^YYUb Y[RLN ]QJ] RWM^LN\ J Z^JW]R]b \^YYURNM XO 

.% 

HN \^YYX\N# RWR]RJUUb# ]QJ] ]QN[N R\ WX UXLJU MNVJWM OX[ ]QN LXVVXMR]b JWM \X 

JUU ]QN X^]Y^] Y[XM^LNM V^\] KN \XUM XW ]QN ̀ X[UM VJ[TN] J] MN\]RWJ]RXW Y[RLN 9!%, 

:X`N_N[# ]QN UXLJU Y[XM^LN QJ\ ]X J[[R_N J] ]QN ̀ X[UM VJ[TN]YUJLN# JWM MXRWP 

\X RW_XU_N\ LX\]Ub ][JW\YX[]J]RXW _RJ J ][JW\YX[]J]RXW RW]N[VNMRJ[b ]QJ] VJb 

JYYUb R]\ VJ[T$^Y\ RW X[MN[ ]X PNWN[J]N Y[Xd] OX[ R]\NUO O[XV R]\ ][JW\YX[]J]RXW 

K^\RWN\\%-

,CNLJUU ̀ N ]JTN ]QR\ `X[UM VJ[TN] J\ \bWXWbVX^\ `R]Q MNVJWM JWM \^YYUb LXWMR]RXW\ 
J] \XVN RW]N[VNMRJ]N YXRW] RW ]QN \^YYUb LQJRW2 OX[ LXWL[N]NWN\\ !RW ]QN L^[[NW] LXW]Na] 
N\YNLRJUUb" ]QN BX[] XO @N` A[UNJW\% 

-3 VJSX[ VX]R_J]RWP NaJVYUN OX[ ]QN JWJUb\R\ R\ JP[RL^U]^[JU Y[XM^L]RXW# `QRLQ# KNRWP 

. 



    

EQN MNVJWM OX[ ][JW\YX[]J]RXW \N[_RLN\ R\ ]QNW PR_NW J\ ]QN Z^JW]R]b XO 

\QRYVNW]\ ]QJ] ]QN UXLJU \^YYURN[\ ̀ R\Q ]X \NWM J\ J O^WL]RXW XO ]QN Y[RLN LQJ[PNM 

OX[ VJTRWP J \QRYVNW]% 5UNJ[Ub# RO ]QN Y[RLN ̀ N[N 9! X[ VX[N# WX \QRYVNW]\ ̀ X^UM 

KN VJMN \RWLN R] ̀ X^UM LX\] VX[N ]QJW R] ̀ J\ ̀ X[]Q ]X OJ[VN[\# N_NW RO ]QNb 

`N[N `RUURWP ]X \^YYUb J] cN[X Y[RLN% 3] ]QN X]QN[ Na][NVN# J cN[X ][JW\YX[] 

LX\] RVYURN\ J \^YYUb [N\YXW\N XO / "!9# , !9 ̀ QRLQ R\ ]QN VJaRV^V YX\\RKUN% 

DRWLN ]QN \^YYUb L^[_N R\ URWNJ[# ]QN MNVJWM OX[ ][JW\YX[]J]RXW \N[_RLN\ R\ ]QNW 

JU\X URWNJ[ KN]`NNW ]QN ]`X Na][NVN YXRW]\ S^\] MN[R_NM% ?X[N OX[VJUUb# UN] < 

KN ]QN Y[RLN LQJ[PNM OX[ ][JW\YX[]J]RXW XWN ̂ WR] O[XV ]QN \^YYUb YXRW] ]X ]QN 

MN\]RWJ]RXW !`X[UM VJ[TN]"% EQNW ]QN MNVJWM OX[ ][JW\YX[]J]RXW J\ J O^WL]RXW 

XO < R\ 0 "<# , 9! <# ̀ QRLQ ̀ N LJW ̀ [R]N RW RW_N[\N OX[V J\ < "0 # !, 9! 0 " 

]X MNWX]N ]QN MNVJWM Y[RLN OX[ J Z^JW]R]b 0 XO ][JW\YX[]J]RXW \N[_RLN\% EQR\ 

MN[R_J]RXW R\ RUU^\][J]NM RW 8RP^[N (1 ]QN ]XY YJWNU PR_N\ ]QN \^YYUb L^[_N J] UXLJU 

Y[RLN\1 WN]]RWP ]QR\ O[XV ]QN ̀ X[UM Y[RLN bRNUM\ ]QN MNVJWM OX[ ][JW\YX[]J]RXW 

\N[_RLN\ RW ]QN UX`N[ YJWNU% 

;@D7CE 8;9FC7 (% 

6NVJWM OX[ ][JW\YX[]J]RXW \N[_RLN\ MN[R_NM O[XV \^YYUb XO PXXM\ JWM ̀ X[UM 

Y[RLN% 

Na][NVNUb UJWM RW]NW\R_N# WNLN\\J[RUb XLL^[\ RW ]QN QRW]N[UJWM% >XLJ]RXW\ OX[ X]QN[ WJ]^[JU 
[N\X^[LN\ J[N MN]N[VRWNM Kb WJ]^[N JWM PNXP[JYQb !N%P%# ̀ QN[N ]QN LXJU _NRW\ J[N"% :X`N_N[# 
UXLJ]RXW\ OX[ \XVN LXVVXMR]b ]bYN\ J[N VX[N OXX]UXX\N1 d[V\ V^\] MNLRMN `QN[N ]X UXLJ]N 
OJLRUR]RN\% EQN L^[[NW] JWJUb\R\ LJW JU\X KN QNUYO^U OX[ NWMXPNWRcRWP \^LQ UXLJ]RXW LQXRLN\# J\ 
`NUU J\ MNJURWP ̀ R]Q ]QNR[ RVYURLJ]RXW\ OX[ VJ[TN] NZ^RURK[RJ RW ]QN LXVVXMR]RN\ ]QNb Y[XM^L]% 
8X[ NaJVYUN# UXLJ]RXW\ ̀ RUU MNYNWM ]bYRLJUUb XW ][JW\YX[] OJLRUR]RN\ JWM LX\]\ XO \QRYYRWP KX]Q 
RWY^]\ JWM X^]Y^]\% HQN]QN[ RWY^]\ X[ X^]Y^]\ PN] J QRPQN[ ̀ NRPQ]RWP RW ]QN LQXRLN MNYNWM\ 
XW `QN]QN[ ]QN Y[XM^L] R\ `NRPQ]$UX\RWP X[ `NRPQ]$PJRWRWP !RW ]QN YJ[UJWLN XO NLXWXVRL 
PNXP[JYQb% EQN RVYX[]JWLN XO ]QN ][JW\YX[] WN] R\ LUNJ[ O[XV ]QN UXLJ]RXW\ XO OJL]X[RN\ WNJ[ 
VJSX[ [XJM\# [JRU`Jb\ JWM [R_N[\% 

/ 



?X[N PNWN[JU ][JW\YX[]J]RXW O^WL]RXW\ J[N MN[R_NM RW J \RVRUJ[ VJWWN[1 X]QN[ 

NaJVYUN\ J[N ][NJ]NM KNUX`% 

(%'	" 4GFGHGDP MJ% <GEH>KBKBGF BF KA> KI:FJHGIK:KBGF J><$ 
KGI !:F= <:H:<BKP <GFJKI:BFKJ" 

D^YYX\N d[\] ]QJ] ][JW\YX[]J]RXW R\ YN[ONL]Ub LXVYN]R]R_N% HN LJW MN\L[RKN 

NZ^RURK[R^V RW ]QN ][JW\YX[]J]RXW VJ[TN] O[XV NZ^J]RWP \^YYUb JWM MNVJWM OX[ 

][JW\YX[]J]RXW% EQN MNVJWM L^[_N `J\ MN[R_NM JKX_N% EQN \RVYUN\] LJ\N ]X 

MN\L[RKN OX[ ]QN \^YYUb \RMN R\ ̀ QNW ]QN ][JW\YX[]RWP d[V\ QJ_N NZ^JU JWM LXW$ 

\]JW] LX\]\ YN[ ̂ WR] ][JW\YX[]NM% 3LLX[MRWPUb# UN] ]QN LX\] XO ][JW\YX[]J]RXW KN 

<!# JWM \X ]QR\ R\ ]QN \^YYUb Y[RLN XO ][JW\YX[]J]RXW !JWM ]QN \^YYUb L^[_N R\ 

]X]JUUb NUJ\]RL J] ]QR\ Y[RLN"% EQNW ]QN NZ^RURK[R^V JVX^W] XO Y[XM^LN ][JW\$ 

YX[]NM R\ 0 "<!# , 9!<! JWM ]QR\ R\ ]QN JVX^W] XO [NPRXWJU \^YYUb% 7Z^R_JUNW]Ub# 

]QN MXVN\]RL \^YYUb Y[RLN# RW ]N[V\ XO ]QN [J]N [NLNR_NM Kb MXVN\]RL Y[XM^LN[\ 

YN[ ^WR] Y[XM^LNM J] ]QN ][JW\YX[]J]RXW ]N[VRWJU# R\ 9( , !9  <!% 5UNJ[Ub# J 

][JW\YX[] [J]N [NM^L]RXW [JR\N\ ]QN Y[RLN [NLNR_NM Kb MXVN\]RL Y[XM^LN[\ JWM 

\X RWL[NJ\N\ ]QN JVX^W] Y[XM^LNM JWM ][JW\YX[]NM% ;O ]QN ̀ X[UM Y[RLN R\ daNM 

!NZ^R_JUNW]Ub# ]QRWT XO ]QN ][JW\YX[] LX\] RVY[X_NVNW] J\ YN[]JRWRWP \XUNUb ]X 

]QN UXLJU VJ[TN]"# ]QNW JUU ]QN ][JW\YX[] LX\] RVY[X_NVNW] R\ LJY]^[NM J\ [NW]\ 

Kb ]QN UXLJU Y[XM^LN[\% EQN ̀ NUOJ[N PJRW R\ RUU^\][J]NM RW 8RP^[N )% 

;@D7CE 8;9FC7 )%HNUOJ[N PJRW !JLL[^RWP ]X Y[XM^LN[\" O[XV [NM^L]RXW RW 

LX\] XO ][JW\YX[]J]RXW O[XV <!% ]X <!$% 

;O ]QN ][JW\YX[] \NL]X[ R\ \^KSNL] ]X J LJYJLR]b LXW\][JRW]# ]QN[N R\ J URVR] ]X 

0 



  

]QN JVX^W] ]QJ] LJW KN ][JW\YX[]NM% 5JUU ]QN LJYJLR]b LXW\][JRW] 0!# [NY[N\NW]$ 

RWP ]QN VJaRVJU JVX^W] XO ][JW\YX[]J]RXW XW ]QN UXLJU URWT% ;O LJYJLR]b R\ JKX_N 

0 "<## ]QNW ]QN LXW\][JRW] R\ WX] KRWMRWP% DX \^YYX\N ]QJ] RW\]NJM ! 0 !! 0 ( "<#% 

EQNW ]QN JVX^W] ][JW\YX[]NM R\ S^\] 0! JWM JUU [NW]\ O[XV ][JW\YX[] LX\] RV$ 

Y[X_NVNW]\ !J\\^VRWP ]QJ] ]QN\N MX WX] [NUJa ]QN LJYJLR]b LXW\][JRW]" JLL[^N 

]X ][JW\YX[]J]RXW d[V\ $ ]QN[N R\ WX KNWNd] ]X UXLJU Y[XM^LN[\# ̀ QX LXW]RW^N ]X 

[NLNR_N J Y[XM^LN[ Y[RLN XO 9( , 0!% EQN ̀ NUOJ[N PJRW R\ RUU^\][J]NM RW 8RP^[N *% 

;@D7CE 8;9FC7 *% HNUOJ[N PJRW O[XV [NM^L]RXW RW LX\] XO ][JW\YX[]J]RXW 

O[XV <!% ]X <!$1 JLL[^RWP ]X ][JW\YX[]N[\% :N[N < " R\ ]QN NZ^RURK[R^V Y[RLN XO 

][JW\YX[]J]RXW \N[_RLN\% 

D^YYX\N WX` ]QJ] ]QN ][JW\YX[]J]RXW \NL]X[ R\ LXW][XUUNM !J] UNJ\] XW ]QN UXLJU 

[X^]N" Kb J VXWXYXUR\] LXW][XUURWP ][JW\YX[]J]RXW JWM JKUN ]X \N] J ][JW\YX[]J$ 

]RXW Y[RLN YN[ ^WR]% EQN VXWXYXUb LJUL^U^\ ][JMN\ Xk ]QN VJ[T$^Y LQJ[PNM 

X_N[ ]QN LX\] ̀ R]Q ]QN _XU^VN XO \QRYVNW]\ !]QN LX\] R\ [N]JRWNM J\ <! RW ]QN 

JWJUb\R\ ]QJ] OXUUX`\"% 8XUUX`RWP ]QR\ UXPRL# ]QN VXWXYXUR\]f\ XKSNL]R_N R\ ]X 

[NWMN[ "<  <!#0 "<# J\ UJ[PN J\ YX\\RKUN# `QN[N ]QR\ Y[Xd] R\ ]QN Y[XM^L] XO 

]QN VJ[T$^Y JWM ]QN _XU^VN ][JW\YX[]NM% EQN VXWXYXUR\] R\ ]X LQXX\N <# ]QN 

Y[RLN R] LQJ[PN\ YN[ ^WR] ][JW\YX[]NM% HR]Q J URWNJ[ MNVJWM# ]QN \XU^]RXW R\ 

PNXVN][RLJUUb JYYJ[NW] !JWM LJW JU\X KN [NJMRUb LQNLTNM JUPNK[JRLJUUb O[XV ]QN 

d[\]$X[MN[ LXWMR]RXW"% EQN XY]RVJU Y[RLN R\ QJUO$`Jb KN]`NNW ]QN LX\]# <!# JWM 

]QN ][JW\YX[]J]RXW MNVJWM RW]N[LNY]# 9!% :NWLN# ]QN VXWXYXUb Y[RLN LQJ[PNM# 

<%# R\ )#' % CNLJUU ]QJ] ]QR\ R\ ]QN JVX^W] LQJ[PNM OX[ ][JW\YX[]J]RXW1 ]QN & 

(' 



    

MXVN\]RL Y[XM^LN[\ [NLNR_N J Y[RLN XO 9! YN[ ̂ WR] XWLN ]QN \QRYVNW]\ J[[R_N XW 

]QN ̀ X[UM VJ[TN]\% :NWLN# ]QN WN] Y[RLN [NLNR_NM Kb ]QN Y[XM^LN[\ R\ ]QN UJ]]N[ 

VRW^\ ]QN OX[VN[# X[ 9! )#' , ') % EQR\# PR_NW ]QN URWNJ[ \^YYUb O^WL]RXW# R\ & & 

JU\X ]QN JVX^W] XO UXLJU Y[XM^L]RXW1 \NN 8RP^[N +% 

;@D7CE 8;9FC7 +% ?XWXYXUb ][JW\YX[]N[ JWM J\\XLRJ]NM \^[YU^\N\% 

3Wb ][JW\YX[]J]RXW LX\] RVY[X_NVNW] ![NM^L]RXW RW <!" R\ ]QNW \YUR] NZ^JUUb 

KN]`NNW ]QN VXWXYXUb ][JW\YX[]N[ JWM ]QN UXLJU Y[XM^LN[\# RW ]QN \NW\N ]QJ] 

QJUO ]QN LX\] [NM^L]RXW R\ YJ\\NM XW J\ J UX`N[ ][JW\YX[]J]RXW Y[RLN% EQR\ NURLR]\ J 

\^YYUb [N\YXW\N ]QJ] R\ XWUb QJUO ]QJ] `QRLQ `X^UM J[R\N ^WMN[ J O^UUb LXVYN]R]R_N 

VJ[TN]% 

;@D7CE 8;9FC7 ,% HNUOJ[N PJRW\ JWM MR\][RK^]RXW XO \^[YU^\N\ O[XV [N$ 

M^L]RXW RW LX\] XO ][JW\YX[]J]RXW O[XV <!% ]X <!$% 

8RP^[N , RUU^\][J]N\ ]QN MR_R\RXW XO ]QN PJRW\ O[XV [NM^LRWP ]QN ][JW\YX[]J]RXW 

LX\]% 8R[\]# ]QN VXWXYXUb Y[RLN OJUU\# [N\^U]RWP RW J \^[YU^\ PJRW ]X Y[XM^LN[\ XO 

1$2 RW ]QN 8RP^[N% EQN [N\] XO ]QN PJRW JLL[^N\ ]X ]QN VXWXYXUb ][JW\YX[]J]RXW 

d[V RW ]N[V\ XO QRPQN[ Y[Xd]2 d[\] KNLJ^\N XO ]QN UX`N[ LX\] XW NaR\]RWP ̂ WR]\ !]QN 

]N[V 4" JWM O^[]QN[VX[N RW ]N[V\ XO Na][J Y[Xd]\ XW ]QN QRPQN[ X^]Y^]% B[Xd]\ 

[R\N Kb 3$ 4$ 5  11 ]QN 1 ̀ J\ ][JW\ON[[NM ]X Y[XM^LN[\ ]QX^PQ% 7Z^R_JUNW]Ub# 

]QN \XLRJU PJRW R\ 2$ 3$ 5 !]QN \XLRJU _JU^N XO ]QN Na][J Y[XM^L]RXW J] ]QN WN` 

QRPQN[ X^]Y^] UN_NU" JWM ]QN 4 ]QJ] [NY[N\NW]\ ]QN UX`N[ LX\] XW NaR\]RWP ̂ WR]\% 

(( 



(%(	" . EGFGHJGFP @I:BF >D>M:KGI :F= <GEH>KBKBM> KI:FJ$ 
HGIK:KBGF 

AO]NW]RVN\# P[JRW R\ KX^PQ] ̂ Y Kb NUN_J]X[\ JWM ]QNW \QRYYNM MX`W$[R_N[% EQR\ 

J[[JWPNVNW] J[P^JKUb Y^]\ ]QN NUN_J]X[ RW J YX\R]RXW XO VJ[TN] YX`N[ _R\$J$ 

_R\ ]QN UXLJU Y[XM^LN[\% 3\ J d[\] KNWLQVJ[T# \^YYX\N ]QJ] ][JW\YX[]J]RXW 

R\ YN[ONL]Ub LXVYN]R]R_N !`N MNJU `R]Q VJ[TN] YX`N[ RW ]QR\ LXW]Na] KNUX`"% 

EQN[N R\ JW RVYX[]JW] [NUJ]RXW KN]`NNW ]QR\ \LNWJ[RX JWM ]QJ] XO J VXWXYXUb 

][JW\YX[]J]RXW d[V OJLRWP J LXVYN]R]R_N \^YYUb# R%N%# ̀ R]QX^] ]QN RW]N[VNMRJ[b% 

@JVNUb# ]QN VJ[TN] X^]LXVN R\ $"#&'$! % RW ]N[V\ XO JVX^W]\ ][JW\YX[]NM% 

EQN \N]$^Y OX[ ]QR\ LJ\N R\ J\ OXUUX`\% EQN P[JRW NUN_J]X[ JL]\ J\ J VXWXY\XW$ 

R\] Kb \N]]RWP ]QN Y[XM^LN[ Y[RLN ]QJ] ]QN Y[XM^LN[\ ̀ RUU [NLNR_N% ;] ]QNW JLLN\\N\ 

]QN LXVYN]R]R_N ][JW\YX[]J]RXW \NL]X[ ]X ][JW\YX[] ]QN LXVVXMR]b !J] [J]N <! YN[ 

^WR] ][JW\YX[]NM" X^] ]X ]QN ̀ X[UM VJ[TN]# `QN[N ]QN PXXM R\ \XUM J] Y[RLN 9!

YN[ ̂ WR]% EQN NUN_J]X[ ]QNW NkNL]R_NUb OJLN\ J WN] _JU^N XO 9! <! YN[ ̂ WR] ]QJ] 

R] RWM^LN\ \^YYURNM O[XV ]QN Y[XM^LN[\# JWM R] NJ[W\ J VJ[T$^Y XO ]QR\ VRW^\ 

]QN Y[RLN R] QJ\ ]X YJb \^YYURN[\% ;] JU\X JLLX^W]\ OX[ ]QN _XU^VN XO \^YYUb R] 

PNWN[J]N\ RW R]\ LQXRLN XO Y[RLN ]X ]QN Y[XM^LN[\% EQN[NOX[N# R] OJLN\ ]QN Y[XKUNV 

XO VJaRVRcRWP "!9 <!  9(# 9(# ̀ QRLQ R\ ]QN Y[XM^L] XO ]QN VJ[T$^Y R] NJ[W\ JWM 

]QN RWM^LNM Z^JW]R]b \^YYURNM% F\RWP ]QN UXPRL XO ]QN JKX_N VXWXYXUb JWJUb\R\# 

]QN Y[RLN R] ̀ RUU \N] R\ VRM`Jb KN]`NNW cN[X JWM 9! <!# R%N%# ]QN Y[RLN [NLNR_NM 
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NZ^RURK[R^V Y[RLN ^WMN[ ][JMN R\ P[NJ]N[ ]QJW %MNVJWM RW [NPRXW ( R\ cN[X% 

EQR\ ̀ RUU QXUM J\ UXWP J\ & R\ UJ[PN NWX^PQ [NUJ]R_N ]X %% 7Z^RURK[R^V ]QNW 

R\ MN]N[VRWNM RW VJ[TN] ) # ̀ QRLQ R\ \^YYURNM Kb KX]Q CNPRXW ( JWM CNPRXW ) 

\^YYURN[\% 7aLN\\ MNVJWM RW CNPRXW ) R\ \RVYUb -, , &  '9&# ̀ QRLQ R\ ]QNW 

\N] NZ^JU ]X NaLN\\ \^YYUb O[XV CNPRXW ( \^YYURN[\# `QRLQ R\ \RVYUb NZ^JU ]X 

9%J\ UXWP J\ Y[RLN R\ QRPQ NWX^PQ ]QJ] MXVN\]RL MNVJWM RW ( R\ L[X`MNM X^]% 

EQJ] R\# PR_NW ]QJ] R] R\ J\\^VNM ]QJ] & R\ \^j LRNW]Ub QRPQ [NUJ]R_N ]X %\X ]QJ] 

MNVJWM R\ cN[X RW (# NaLN\\ \^YYUb R\ \RVYUb CNPRXW (f\ \^YYUb O^WL]RXW% DRWLN 

][JW\YX[]J]RXW LX\]\ J[N cN[X# 9% , 9& JWM \X -/ , 9% , 9&% EQN NZ^RURK[R^V 

Y[RLN\ JWM Z^JW]R]RN\ ̂ WMN[ ][JMN ]QNW J[N1 

& ' 
/! % , /! & , 9! % , 9! & '

! ,% , %'
! 

&+& , ,& ,( ( 

)' 



  

   

 

 

      

   

JWM ]QR\ X^]LXVN QXUM\ J\ UXWP J\ 

& " ( %& 

;O & R\ UX`N[ ]QJW ( % !K^] \]RUU [N]JRWRWP ]QN J\\^VY]RXW ]QJ] R] NaLNNM\ %"# 

]QNW CNPRXW ( LXW\^VN[\ LXW\^VN \XVN XO ]QN PXXM# JWM ]QN [N\] R\ NaYX[]NM% 

HN LJW dWM ]QN X^]LXVN ̂ \RWP ]QN \JVN ]NLQWRZ^N J\ JKX_N# NZ^J]RWP NaLN\\ 

MNVJWM JWM NaLN\\ \^YYUb% CNPRXW )f\ NaLN\\ MNVJWM O^WL]RXW R\ S^\] ]QN \JVN# 

-, , &'9&# JWM LX\]UN\\ ][JW\YX[]J]RXW JPJRW RVYURN\ YN[ONL] Y[RLN J[KR][JPN# 

\X ]QJ] 9% , 9&% HQJ] LQJWPN\ R\ CNPRXW (f\ NaLN\\ \^YYUb O^WL]RXW# ̀ QRLQ WX` 

WNNM\ ]X JLLX^W] OX[ MXVN\]RL LXW\^VY]RXW NJ]RWP RW]X MXVN\]RL Y[XM^L]RXW% 

EQ^\ -/ , '9%  %# ̀ QRLQ R\ \RVYUb MXVN\]RL \^YYUb VRW^\ MXVN\]RL MNVJWM% 

B^UURWP ]QN\N NZ^J]RXW\ ]XPN]QN[ bRNUM\ ]QN NZ^RURK[R^V Y[RLN\ JWM Z^JW]R]RN\ 

^WMN[ ][JMN J\1 

( %  & ( &  %% $ &
/! % , /! & , 9! % , 9! ! !' ' +& , ,% , ,& ,) ) ) 

`QRLQ QXUM\ J\ UXWP J\ 

& # - % ' ( %. & 

E[JW\YX[]J]RXW# QX`N_N[# R\ LX\]Ub% >N] < [NY[N\NW] ]QN LX\] YN[ ^WR] XO 

XO ]QN PXXM ][JW\YX[]NM% 8X[ WX`# LXW\RMN[ ]QN LJ\N XO XWN VXMN Y[X_RMRWP 

][JW\YX[]J]RXW O[XV CNPRXW ( ]X CNPRXW )% EQN NaLN\\ MNVJWM JWM NaLN\\ 

\^YYUb NZ^J]RXW\ JKX_N \]RUU JYYUb ]X ]QN LJ\N XO LX\]Ub ][JW\YX[]J]RXW# K^] 

)( 



  

  

 

 

 

 

 

][JW\YX[]J]RXW LJW WX UXWPN[ J[KR][JPN Y[RLN\ ]X KN ]QN \JVN% ;W\]NJM# J[KR][JPN 

RVYURN\ ]QJ] Y[RLN MRkN[NWLN\ LJWWX] NaLNNM ]QN ][JW\YX[] LX\]% EQJ] R\# ]QN 

Y[RLN\ J[N URWTNM Kb ]QN LXW\][JRW] 9& ! 9% $<% ;O ]QN[N R\ ][JMN RW NZ^RURK[R^V# 

]QR\ QXUM\ ̀ R]Q NZ^JUR]b !\X 9& , 9% $ <" JWM MRkN[NW]RJU Y[RLN\ \RVYUb [NeNL] 

]QN LX\] XO PN]]RWP ]QN PXXM ][JW\YX[]NM ]X ]QN MNVJWM [NPRXW% AW ]QN X]QN[ 

QJWM# RO Y[RLN\ J[N LUX\N[ ]XPN]QN[ ]QJW < ! 9& ( 9% $ <" ]QN[N LJW KN WX ][JMN 

\RWLN J[KR][JPN LJWWX] KN Y[Xd]JKUN% EQN NZ^RURK[R^V ]bYN\ ]QNW J[N URTN ]QN 

XWN\ ̀ N QJ_N JU[NJMb MN\L[RKNM1 RO ][JW\YX[] LX\]\ J[N ]XX UJ[PN# ]QN J^]J[TRL 

NZ^RURK[R^V Y[N_JRU\% 8X[ UX`N[ LX\]\# ]QN[N R\ ][JMN# JWM ]QN \^YYUb [NPRXW ̀ RUU 

NaYX[] R]\ ]X]JU Y[XM^L]RXW XWUb RO R]\ MXVN\]RL MNVJWM R\ ̀ NJT [NUJ]R_N ]X ]QJ] 

RW ]QN MNVJWM [NPRXW% 

EQN J^]J[Tb [NPRVN R\ ]QN \RVYUN\] ]X MN\L[RKN% 3\ ̀ N \QX`NM JKX_N# J^]J[Tb 

Y[RLN\ J[N 9! % ,
& 

% JWM 9! & ,
& 

&# \X ]QJ] J^]J[Tb J]]JRW\ J\ UXWP J\ ]QN Y[RLN 
' ' 

MRkN[NWLN R\ UN\\ ]QJW ]QN ][JW\YX[]J]RXW LX\]% 7Z^R_JUNW]Ub# & % ! '< VNJW\ 

]QN[N ̀ RUU KN WX ][JMN% 

;W ]QN LJ\N XO UX`N[ ][JW\YX[] LX\] K^] ̀ NJT MNVJWM RW ]QN \^YYUb [NPRXW# 

]QNW MNVJWM RW ]QN UX` MNVJWM CNPRXW# (# R\ cN[X% EX LQJ[JL]N[RcN ]QR\ LJ\N# 

`N NZ^J]N NaLN\\ MNVJWM JWM NaLN\\ \^YYUb \X &  '9& , 9% JWM ^\N ]QN 

Y[RLN MRkN[NWLN NZ^J]RXW 9& , 9% $ <% DXU_RWP X^] bRNUM\ 9! % , "&) JWM' 

9! & , 
"#) % 7JLQ [NPRXWf\ MXVN\]RL Y[XM^L]RXW NZ^JU\ R]\ MXVN\]RL \^YYUb# JWM ' 

Z^JW]R]b LXW\^VNM RW CNPRXW ( R\ cN[X# `QRUN RW CNPRXW ) R] R\ PR_NW Kb ]QN 

! ' &  <
MNVJWM L^[_N J\ , % 8X[ ]QR\ [NPRVN ]X KN YN[]RWNW]# ̀ N [NZ^R[N & , ( 

9! % " % X]QN[`R\N ]QN[N ̀ X^UM KN YX\R]R_N LXW\^VY]RXW RW ]QN \^YYUb [NPRXW% 

)) 



  

 

  

  

  

    

  

  

 

 

   

EQR\ LXWMR]RXW R\ &  '< " ( %% @X]RLN ]QJ] ]QN Z^JW]R]b ][JW\YX[]NM O[XV ( 

]X ) R\ ]QN O^UU Z^JW]R]b Y[XM^LNM RW (# WJVNUb "&) # ̀ QRLQ NaY[N\\RXW OX[V\ ' 

]QN MNVJWM OX[ ][JW\YX[]J]RXW# JWM R\ J MNL[NJ\RWP O^WL]RXW XO <% 

8X[ UX` ][JW\YX[] LX\] JWM [NUJ]R_NUb \][XWP CNPRXW ( MNVJWM# WX] JUU CNPRXW 

(f\ Y[XM^L]RXW ̀ RUU KN NaYX[]NM% 7Z^J]RWP NaLN\\ MNVJWM JWM NaLN\\ \^YYUb RW 

]QR\ LJ\N RVYURN\ ]QJ] &  '9& , '9%  %# JWM JPJRW ]QN Y[RLN MRkN[NWLN 

!# "&)NZ^J]RXW 9& , 9% $ < QXUM\% DXU_RWP ]QN\N NZ^J]RXW\ PR_N\ 9! % , ( JWM 

9! !# "#&) 
& , ( 1 XWLN JPJRW# ]QN\N J[N JU\X ]QN [N\YNL]R_N NaY[N\\RXW\ OX[ ]QN 

!MXVN\]RL \^YYURN\# /! JWM /! [N\YNL]R_NUb% EQN Z^JW]R]RN\ LXW\^VNM J[N ,% ,% & 

' ! "#&) !  !#' "&) 
( JWM ,& , ( [N\YNL]R_NUb%0 8[XV ]QN d[\] XO ]QN\N# R] R\ 

!LUNJ[ ]QJ] ̀ N WNNM ]QN LXWMR]RXW ( %$'< * & ]X QXUM RW X[MN[ OX[ , ]X RWMNNM % 

! " ! " KN YX\R]R_N% EQN Z^JW]R]b ][JW\YX[]NM RW ]QR\ LJ\N R\ PR_NW Kb 0 , <%& 

EQN [N\^U] XO KX]Q LJ\N\ J[N \RVRUJ[% DYNLRdLJUUb# J\ MNVJWM RW ]QN NaLN\\ 

MNVJWM [NPRXW P[X`\# Z^JW]R]RN\ ][JW\YX[]NM RWL[NJ\N JWM J\ ]QN ][JW\YX[]J]RXW 

[J]N RWL[NJ\N\# Z^JW]R]RN\ ][JW\YX[]NM OJUU% ;W ]QN \NLXWM LJ\N# J\ MNVJWM RW ]QN 

NaLN\\ \^YYUb [NPRXW P[X`\ !R%N%# % RWL[NJ\N\" UN\\ R\ ][JW\YX[]NM% 

EQN VXMNU ]X ]QR\ YXRW] QJ\ ][NJ]NM J\ NaXPNWX^\ ]QN LX\] XO Y[X_RMRWP ][JW\$ 

YX[]J]RXW% HQNW ]QN[N R\ VJ[TN] YX`N[ RW ]QN ][JW\YX[]J]RXW \NL]X[# ]QN ][JW\$ 

YX[]J]RXW LXVYJWRN\ ̂ \N ]QN MNVJWM OX[ ][JW\YX[]J]RXW ]X Na][JL] [NW]\# JWJU$ 

XPX^\ ]X ]QN Y[N_RX^\ \NL]RXWf\ JWJUb\R\% 

0 ;] R\ [NJMRUb LQNLTNM ]QJ] ]X]JU Y[XM^L]RXW NZ^JU\ ]X]JU LXW\^VY]RXW# R%N%# "
!! " 

! 
" "! # ! 

! 
"

! 
# !! "% ! !

#

)* 



 

* . 2LDD 7H:KB:D 4G=>D 

EQN JWJUb\R\ JKX_N QJ\ ][NJ]NM [NPRXW\ \RVYUb J\ YXRW]\ RW \YJLN LXWWNL]NM Kb 

][JW\YX[] LX\]\# `R]QX^] [NPJ[M ]X ]QN OJL] ]QJ] Y[XM^L]RXW XO VX\] JP[RL^U$ 

]^[JU LXVVXMR]RN\ R\ Z^R]N UJWM RW]NW\R_N% EQR\ R\ N\YNLRJUUb RVYX[]JW] KNLJ^\N 

][JW\YX[]J]RXW LX\]\ ]bYRLJUUb LXVY[R\N J UJ[PN O[JL]RXW XO ]QN \NUURWP Y[RLN OX[ 

JP[RL^U]^[JU PXXM\% EQN PNXP[JYQb XO Y[XM^L]RXW JWM ]QN ][JW\YX[]J]RXW WN]$ 

`X[T J[N ]QNW L[^LRJU MN]N[VRWJW]\ XO ]QN VJ[TN] NZ^RURK[R^V% 

HN \^YYX\N ]QJ] PNXP[JYQb !JWM daNM LX\]\" [N\][RL] ]QN W^VKN[ XO [R_N[ 

]N[VRWJU\ ]X KN ON`# JWM ̀ N O^[]QN[ J\\^VN ]QN [JRU ]N[VRWJU\ J[N UXLJ]NM J] ]QN 

\JVN YXRW]\ J\ ]QN [R_N[ ]N[VRWJU\ !\NN 3WMN[\XW JWM HRU\XW# )'',# OX[ J MR\$ 

L^\\RXW XO ]QN\N J\\^VY]RXW\"% EQNW NJLQ \QRYYN[ !OJ[VN[" QJ\ ]X LQXX\N ̀ QRLQ 

]N[VRWJU ]X \QRY O[XV JWM ̀ QRLQ VXMN ]X ̂ \N XWLN ]QN[N ![JRU X[ [R_N["% E[^LT 

][JW\YX[] R\ ̂ \NM ]X [NJLQ ]QN ]N[VRWJU# MR\]JWLN R\ VNJ\^[NM _RJ ]QN  KUXLT$ 

VN][RL# JWM ][^LT ][JW\YX[]J]RXW LX\]\ ; YN[ ^WR] MR\]JWLN YN[ ^WR] ][^LTNM% 

D^YYX\N OX[ ]QN VXVNW] ]QJ] NJLQ OJ[VN[ R\ J\\RPWNM ]X ]QN LUX\N\]  YXXU i`N 

[NUJa ]QR\ J\\^VY]RXW KNUX`% EQN RVYX[]JWLN XO ]QN J\\^VY]RXW WX` ]QX^PQ 

R\ ]QJ] R] PNWN[J]N\ MNVJWM\ OX[ ]QN KJ[PN ][JW\YX[]J]RXW NaJL]Ub XO ]QN OX[V 

JWJUbcNM JKX_N# WJVNUb MNVJWM\ ]QJ] J[N URWNJ[ RW ]QN Y[RLN XO ]QN KJ[PN ][JW\$ 

YX[]J]RXW ]X ]QN dWJU YX[]# ]QN [J]N <# JKX_N% EQN PNXP[JYQb XO ]QN QRW]N[UJWM 

Y[XM^L]RXW JWM ]QN daNM [NPRXW J\\^VY]RXW J[N \QX`W RW 8RP^[N .% 

;@D7CE 8;9FC7 .% 3P[RL^U]^[JU PJ]QN[RWP J[NJ OX[ daNM [NPRXW LXW\][JRWNM 

]X KN LXRWLRMNW] ̀ R]Q YXXU UJ]R]^MN\% 

)+ 



@X]N ]QJ] ]QN J[NJ OJ[VNM [R\N\ URWNJ[Ub ̀ R]Q [NM^L]RXW\ RW ]QN KJ[PN [J]N2 

VX[NX_N[# ]QN ][JW\YX[]J]RXW MNVJWM OX[ NJLQ YXXU R\ RWMNYNWMNW] XO ]QN KJ[PN 

[J]N\ LQJ[PNM J] JWb X]QN[ YXXU !\NN 3WMN[\XW JWM HRU\XW# )'',"% EQR\ VNJW\ 

]QJ] ]QN O^UU URWNJ[ MNVJWM JWJUb\R\ XO DNL]RXW ) JKX_N# ̀ R]Q R]\ O^UU VJ[TN] \][^L$ 

]^[N RVYURLJ]RXW\# JYYUb MR[NL]Ub ]X ]QR\ LJ\N% ;] ]QN[NOX[N OX[V\ JW RVYX[]JW] 

KNWLQVJ[T Kb JUUX`RWP OX[ VJ[TN] \][^L]^[N ̀ R]QRW J \YNLRdJKUN O^UU PNXP[JYQRL 

O[JVN`X[T ̀ QRUN J] ]QN \JVN ]RVN NWJKURWP ]QN JWJUb\] ]X K[NJT RW]X ]`X YJ[]\ 

]QN NkNL]\ XO VJ[TN] \][^L]^[N RW ]QN D$E< O[JVN`X[T JWM ]QNW JUUX`RWP OX[ J 

[RLQN[ PNXP[JYQRLJU \][^L]^[N% 

EQN JKX_N \][^L]^[N OXUUX`\ RO WX  UXLT$S^VYRWP R\ JUUX`NM !RW ]JWMNV ̀ R]Q 

]QN D$E< RVYURLR] J\\^VY]RXW ]X ]QR\ NkNL]"% EQN URWNJ[ MNVJWM J\\^VY]RXW ;D 

LXW\R\]NW] ̀ R]Q J \YJ]RJU VJ[TN]# JUKNR] J [N\][RL]NM _N[\RXW ]QN[NXO% D^YYX\N 

WX` RW\]NJM ]QJ] OJ[VN[\ J[N YN[VR]]NM ]X LQXX\N ]QN ]N[VRWJU !JWM VXMN" ]QJ] 

VRWRVRcN\ LX\]\ XO ][JW\YX[]J]RXW% 8RP^[N / \QX`\ ]QN PNXP[JYQRLJU \][^L]^[N XO 

]N[VRWJU\ JUXWP ]QN [R_N[# JWM JU\X QX` ]QN VJ[TN] KX^WMJ[RN\ KN]`NNW MNVJWM 

J[NJ\ LQJWPN ̀ R]Q KJ[PN [J]N\ RW X]QN[ YXXU\% 

;@D7CE 8;9FC7 /% 7WMXPNWX^\ BXXU ?J[TN]\ JWM 4J[PN CJ]N\% 

8X[ \RVYURLR]b# \^YYX\N RW ]QN MN_NUXYVNW] KNUX` ]QJ] JP[RL^U]^[JU Y[XM^LN 

NW]JRU\ WX Y[XM^L]RXW LX\]\ i]QN XKSNL] XO RW]N[N\] R\ ]QN ][JW\YX[]J]RXW \NL]X[ 

OX[ ]QN VXVNW]# JWM LX\]\ LJW [NJMRUb KN JMMNM XWLN ]QN RMNJ\ QN[N J[N ̂ WMN[$ 

\]XXM%(' 8RP^[N 0 RUU^\][J]N\ ]QN LJ]LQVNW] J[NJ\ OX[ JP[RL^U]^[JU Y[XM^LN ̀ QNW 

LQXRLN\ J[N O^UUb NWMXPNWX^\ ]X ]QN VXMNU% 
('3\ WX]NM KNUX`# ]QR\ LJ^\N\ WX Na][J MRj L^U]b% 

), 



;@D7CE 8;9FC7 0% 7WMXPNWX^\ ?J[TN]\ JWM 5J]LQVNW] 3[NJ\% 

EQN d[\] ]J\T R\ ]X MN]N[VRWN ]QN UJ]R]^MN\ ]QJ] MNURWNJ]N VJ[TN]\% 4b 

NZ^J]RWP ]QN LX\]\ XO ][^LTRWP YU^\ KJ[PN O[XV J UXLJ]RXW JUXWP ]QN [R_N[$\RMN# 

`N dWM ]QN OXUUX`RWP [NUJ]RXW1 

># $ >#% <#  <#% 
>/# , $ & 

' '; 

5UNJ[Ub# ]QN JWJUXPX^\ [NUJ]RXW JYYURN\ ]X ]QN ̂ YYN[ KX^WMJ[b# S^\] Kb [NYUJLRWP 

RWMRLN\ XO YXXU\# \X1 

>##% $ ># <##%  <# 
>/##% , $ & 

' '; 

:NWLN# ]QN\N J[N ]QN ̂ YYN[ JWM UX`N[ KX^WMJ[b UN_NU\# J\ YN[ 8RP^[N\ / JWM 0 

JKX_N% :X`N_N[# ̀ N JU\X WNNM ]X MNJU ̀ R]Q ]QN Na]NW\R_N VJ[PRW ̀ R]QRW ]QN\N 

UJ]R]^MN\# J\ YN[ ]QN UXcNWPN \QJYN RUU^\][J]NM RW 8RP^[N 0% 9R_NW R] ̀ J\ S^\] 

J\\^VNM ]QJ] ]QN Y[XM^L]RXW LX\] R\ cN[X !R] ̀ X^UM \^j LN ]X S^\] WN] R] O[XV 9!# 

J\ UXWP J\ R] R\ RWMNYNWMNW] XO UXLJ]RXW"# ̀ N QJ_N ]QN OXUUX`RWP NaY[N\\RXW OX[ 

]QN Na]NW\R_N VJ[PRW J] JWb PR_NW UJ]R]^MN# >1 

9! , <# $ ; %>  >#%$ ;= 

3\ R\ JYYJ[NW] O[XV 8RP^[N 0# ]QR\ NaY[N\\RXW LX_N[\ ]`X LJ\N\# ]QJ] J[N K[XTNW 

MX`W J\ OXUUX`\% 8R[\]# OX[ > * >## ̀ N QJ_N 

9! <# 
= , $ >#  >' 

; 

`QRUN OX[ > ! >## ̀ N QJ_N 

9! <# 
= , $ >  >#& 

; 

)-



 

 

9R_NW ]QN JKX_N JWJUb\R\# `N LJW WX` `[R]N X^] MNVJWM J\ !J\\^VRWP J 

LXW\]JW] MNW\R]b JL[X\\ \YJLN XO JP[RL^U]^[JU Y[XM^L]RXW"1 

$ $! ! $! #! !#! " # 
" ""# 9! <# 

,# , $ >#  > 3> 
;* !$ " #*! 9! <#

$ $ >  ># 3>& 
$! $!!# 

#!#!! ; 
" "" 

EQN d[\] XO ]QN\N LXW\]R]^]N\ ]QN J[NJ JKX_N > * ># !R%N%# > * ># " JWM ̂ Y ]X ]QN 

^YYN[ UJ]R]^MN XO ]QN LJ]LQVNW] J[NJ# ̀ QRUN ]QN \NLXWM R\ ]QN J[NJ KNUX` >## JWM 

MX`W ]X ]QN UX`N[ UJ]R]^MN% 

@X`# `N J[N RW]N[N\]NM RW ]QN \QJYN XO ]QR\ MNVJWM O^WL]RXW1 R] R\ [J]QN[ 

L^VKN[\XVN !JU]QX^PQ \][JRPQ]OX[`J[M" ]X ̀ [R]N R] X^]# K^] R] R\ JU\X \RVYUN[ 

]X RMNW]ROb R]\ O^WMJVNW]JU OX[V JWM RMNW]ROb YJ[JVN]N[\ XO ]QN KJ\N OX[V J\ 

WNLN\\J[b% ;W YJ[]RL^UJ[# R] R\ \QX`W RW ]QN 3YYNWMRa ]QJ] ]QN MNVJWM O^WL]RXW 

R\ J Z^JM[J]RL O^WL]RXW% AWN RW]N[N\]RWP !JWM MNLRMNMUb WXW$][R_RJU" Y[XYN[]b 

XO ]QN MNVJWM R\ ]QJ] VJ[TN]\ J[N LQJRW URWTNM% @JVNUb# MNVJWM J] NJLQ YXXU 

MNYNWM\ XW ]QN KJ[PN Y[RLN\ J] WNRPQKX[RWP YXXU\# ̀ QRLQ RW ]^[W MNYNWM XW Y[RLN\ 

JKX_N JWM KNUX` ]QNV% EQR\ Y[XYN[]b RVYURN\ ]QJ] JUU VJ[TN]\ J[N JkNL]NM RO 

]QN[N R\ J LQJWPN RW JWb XWN XO ]QNV1 NZ^RURK[R^V Y[RLN\ ̀ RUU JMS^\] JLLX[MRWP 

]X ]QN LQJRW \][^L]^[N% 8X[ NaJVYUN# J LQJWPN RW ]QN VJ[TN] \][^L]^[N X[ RW ]QN 

][JW\YX[]J]RXW LX\] J] JWb XWN YXXU QJ\ RVYURLJ]RXW\ OX[ JUU !JU]QX^PQ ]QN NkNL]\ 

MJVYNW `R]Q MR\]JWLN1 ]QN UJ[PN\] NkNL]\ J[N ONU] RW ]QN RVVNMRJ]NUb WNRPQKX[RWP 

YXXU\% EQR\ Y[XYN[]b RW ]^[W RVYURN\ ]QJ] ]QN ̀ NUOJ[N NkNL]\ XO ][JW\YX[]J]RXW 

LQJWPN\ J[N ̀ RMN$[NJLQRWP JWM Z^R]N RW][RLJ]N% 

). 
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Figure 1.—Demand for Transportation Derived from the Supply of Goods and the World 
Market Price 
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Figure 2.—Welfare Gain (accruing to producers) from a Reduction in the Cost of 
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Figure 3.—Welfare gain (accruing to transporters) from a reduction in the cost of 
etransportation from w1  to w0 . Note: w is the equilibrium price of transportation given 

binding capacity, T . 
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Figure 4.—Monopoly Transporter. 
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Figure 6. Monopsony Grain Elevator. 
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Figure 7.—Extensive Margin of Cultivation and Lower Barge Rates. 



 
 
 
 

 
 

 
 
 
 
 
 

   

 

 

 

 

    

Lock i-1 

Lock i 

B yi (River and Rail Terminal) 

Lock i-2 

Original 
catchment 
latitudes for 
pool i 
terminal 

yi-1 (River and Rail Terminal) 

From decrease in wi 

From decrease in wi 

1ˆiy + 

y 

ˆiy New 
catchment 
latitudes for 
pool i 
terminal 

x Distance from river (miles) 

 

B 

Pool i 


Pool i-1 
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Figure 9.—Endogenous Markets 



  
  

  
 

   
 
 

     
 

     
 

  
      

    
   

 
 
 

    
 

 
 
 

 
      

 
 

  

 

The NETS research program is developing a series of 
practical tools and techniques that can be used by 
Corps navigation planners across the country to 
develop consistent, accurate, useful and comparable 
information regarding the likely impact of proposed navigation · economics · technologies 
changes to navigation infrastructure or systems. 

The centerpiece of these efforts will be a suite of simulation models. This suite will include: 

• 	 A model for forecasting international and domestic traffic flows and how they may be 
affected by project improvements. 

• 	 A regional traffic routing model that will identify the annual quantities of commodities 
coming from various origin points and the routes used to satisfy forecasted demand at 
each destination. 

• 	 A microscopic event model that will generate routes for individual shipments from 
commodity origin to destination in order to evaluate non-structural and reliability 
measures. 

As these models and other tools are finalized they will be available on the NETS web site:

    http://www.corpsnets.us/toolbox.cfm  

The NETS bookshelf contains the NETS body of knowledge in the form of final reports, 
models, and policy guidance. Documents are posted as they become available and can be 
accessed here:

    http://www.corpsnets.us/bookshelf.cfm  

http://www.corpsnets.us/bookshelf.cfm
http://www.corpsnets.us/toolbox.cfm
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